Background and objectives Patients with kidney failure sometimes do not receive chronic renal replacement therapy (RRT), even though this may reduce their life expectancy. This study aimed to identify factors associated with initiation of chronic RRT.
Introduction
Current guidelines define kidney failure by estimated GFR (eGFR) ,15 ml/min per 1.73 m 2 (1) (2) (3) . Chronic dialysis is associated with high mortality rates (4, 5) , and many patients have poor quality of life (6) (7) (8) (9) (10) (11) (12) (13) . Although dialysis treatment is available to all Canadian residents (14) , some people with kidney failure die without receiving dialysis or pre-emptive kidney transplantation (15) (16) (17) , either because of unexpected death from comorbidity (18) or because of a deliberate choice not to receive renal replacement therapy (RRT) (19, 20) .
Not all patients with severe kidney disease develop clinical indications for RRT despite low eGFR, and some may choose not to initiate RRT even if treatment is medically indicated. Most studies of people with kidney failure focus on those initiating chronic RRT; much less is known about people who die without receiving RRT despite eGFR ,15 ml/min per 1.73 m 2 (untreated kidney failure). This issue is clinically important because choosing to forego RRT is a valid treatment option among competent and well informed patients.
We studied a large cohort of patients from a single Canadian province to assess the frequency of untreated kidney failure, and to examine factors that are associated with the occurrence of this outcome. Because patients with severe comorbidity (with poor life expectancy with or without dialysis) may experience less clinical benefit from RRT than healthier patients, we hypothesized that increased comorbidity would be associated with increased likelihood of untreated kidney failure. Similarly, because the burden associated with traveling to dialysis treatments (or relocation to a center with a dialysis unit) may be increased for people living far from the closest dialysis unit, we hypothesized that initiating RRT would be less common in remote-dwellers. 2009 , and who had serum creatinine measured during this period. All people registered with AHW were eligible for inclusion. All Alberta residents are eligible for insurance coverage by AHW, and .99% participate in this coverage. AHW coverage fully reimburses the cost of dialysis treatment, inpatient and outpatient medical costs, physician visits, and laboratory testing, including diagnostic imaging.
Population
We excluded patients with kidney failure (defined as documented eGFR ,15 ml/min per 1.73 m 2 , chronic dialysis, or prior kidney transplant) at baseline. Initiation of chronic dialysis and pre-emptive kidney transplantation (collectively comprising RRT) was identified using data from the Northern and Southern Alberta Renal Programs. The study population was further limited to those who developed kidney failure in follow-up. CKD was defined by at least two measurements of eGFR ,60 ml/min per 1.73 m 2 .90 days apart with no interceding values $60 ml/min per 1.73 m 2 . Of these, we selected the subset with kidney failure, defined by eGFR measurement ,15 ml/ min per 1.73 m 2 at end of follow-up (meaning that those whose eGFR declined below 15 ml/min per 1.73 m 2 but then recovered by end of follow-up were not considered to have experienced kidney failure). For this subset, the date where eGFR was first ,15 ml/min per 1.73 m 2 was considered the index date (Supplemental Figure 1) . Only outpatient serum creatinine measurements were used, and GFR was estimated using the Chronic Kidney Disease Epidemiology Collaboration equation (22) . Using the last measurement of proteinuria obtained before the index eGFR measurement, heavy/severe proteinuria was defined as urinary albumin/creatinine ratio $60 mg/ mmol, protein/creatinine ratio $100 mg/mmol, or urine dipstick $2+. Patients in whom proteinuria was not measured before the index eGFR measurement were identified using a binary variable for "proteinuria not measured."
We followed patients from the first occurrence of kidney failure after baseline until March 2009. Participants were categorized into the following outcome groups based on their clinical outcome at the end of study: chronic RRT, death, or neither (censored). The objective of this study was to identify factors associated with chronic RRT ("treated kidney failure") compared with death in the absence of chronic RRT ("untreated kidney failure").
Comorbidities
Demographic variables included age (categorized as 18-49.9, 50-69.9, and $70 years), sex, Aboriginal (registered First Nations or recognized Inuit), social assistance, rural or urban residence (defined using the Statistics Canada definition as recorded in the Postal-Code Conversion File data; www.statcan.ca), and distance to the closest nephrologist (categorized as #50, 50.1-100, 100.1-200, .200 km). Distance by road between the residence of each patient and the practice location of the closest nephrologist was calculated using ArcGIS 9.3 software (www.esri.com) as previously described (23) .
We used validated algorithms to define the Charlson comorbidities, diabetes, and hypertension (24) at baseline using physician claims, hospitalization, and ambulatory care utilization data. The Charlson score was based on the Deyo classification (25) of the following comorbidities: cerebrovascular disease, peripheral vascular disease, congestive heart failure, cancer, chronic obstructive pulmonary disease, dementia, diabetes with and without complications, AIDS/HIV, metastatic solid tumor, myocardial infarction, mild liver disease, moderate/severe liver disease, paralysis, peptic ulcer disease, and rheumatic disease. We used International Classification of Diseases claims to define affective and psychotic disorders as in our previous work (26) . The Charlson comorbidity variables were defined using all available claim and hospitalization data in the 3-year period before and on the index date (these data were available for .96% of the cohort). Diabetes and hypertension was defined using data 1 year before and on the index date and proteinuria was defined as the first value before and on the index date.
Statistical Analyses
We conducted analyses with Stata/MP 11.2 software (www.stata.com) and reported baseline descriptive statistics as counts and percentages, or medians and interquartile ranges (IQRs), as appropriate. Chi-squared and Kruskal-Wallis tests were used to test for differences across outcome groups. Using multivariable Cox proportional hazards models (cause-specific hazard model), we estimated the associations between potential factors (at baseline) and initiation of chronic RRT adjusted for all variables presented in Table 1 including individual comorbidities but not the Charlson score. A two-way interaction between age and sex was also included. In alternative models, we explored two-way interactions between age and proteinuria as well as between age and diabetes, but these two-way interactions were not included in the main model. We censored follow-up when a participant died (competing risk), moved out of province, or reached the end of the study (March 31, 2009 ). Furthermore, we modeled death using a cause-specific Cox regression in which initiation of chronic RRT was treated as a competing risk; we considered a proportional subdistribution hazard model for modeling initiation of chronic RRT (27, 28) . In a sensitivity analysis, we evaluated factors associated with initiation of RRT in a subset of participants who experienced a more restrictive definition of kidney failure (eGFR ,10 ml/min per 1.73 m 2 ) at end of follow-up. In a second sensitivity analysis, we excluded participants who died within 6 weeks of the first documented instance of eGFR ,10 ml/min per 1.73 m 2 without receiving RRT. We determined that the proportional hazard assumption was satisfied by examining plots of Schoenfeld residuals and testing covariates interacted with time. The threshold P for statistical significance was set at 0.05. The primary model used all available follow-up for each participant. In addition to hazard ratios (HRs) with 95% confidence intervals (95% CIs), we present likelihoods of RRT initiation (drawn from the primary model) both after 1 year and at the end of follow-up. To calculate the likelihood of RRT initiation, we used estimates of the baseline survival function. In these analyses, other factors were assigned the population means or frequency, as appropriate. The institutional review boards at the University of Alberta and the University of Calgary approved this study.
Results

Characteristics of Study Participants
Of 3,897,684 potentially eligible participants, 7901 had eGFR ,15 ml/min per 1.73 m 2 at last measurement during follow-up and were selected for further study ( Figure 1 ). During median follow-up of 11 months (IQR, 3-27 months), 1929 (24%) participants initiated chronic dialysis, 68 (1%) received a pre-emptive kidney transplant, 3372 (43%) died without initiating RRT, and the remaining 2532 (32%) were censored (neither died nor initiated RRT at end of follow-up). For purposes of analysis, patients initiating chronic dialysis and the small number who received a pre-emptive transplant were considered together.
The characteristics of the study participants who initiated chronic RRT, who died, or who were censored at the end of the study are shown in Table 1 . Compared with those participants who died, participants who initiated chronic RRT were younger, were more often men and Aboriginal, were more often on social assistance, and were less likely to live in a remote location. Comorbidities were generally less common among patients who initiated chronic RRT compared with those who died-with the exception of diabetes, hypertension, and mild liver disease, which were more common in the former group.
Factors Associated with Initiating Chronic RRT
Older age, female sex, remote residence location, dementia, metastatic cancer, and chronic lung disease were all significantly associated with a lower likelihood of initiating chronic RRT, whereas the presence of heavy/severe proteinuria was associated with an increased likelihood of initiating chronic RRT. Even among people with diabetes, the presence of heavy/severe proteinuria increased the likelihood of RRT initiation during follow-up. For example, among urban men with diabetes aged 50-70 years, the likelihood of initiating RRT at 1 year after cohort entry was 50.2% and 20.4% for those with and without heavy/severe proteinuria, respectively (P,0.001).
The association between age and initiation of RRT was significantly modified by the presence of heavy/severe proteinuria (P,0.001). The HRs of initiating RRT were 0.27 (95% CI, 0.21 to 0.34) and 0.15 (95% CI, 0.12 to 0.19) for participants aged .70 with and without heavy/severe proteinuria, respectively (compared with participants aged 18-49.9, with and without heavy/severe proteinuria). Corresponding HRs for participants aged 50-69.9 years were 0.71 (95% CI, 0.57 to 0.89) and 0.52 (95% CI, 0.40 to 0.67).
The association between age and initiation of RRT was also modified by sex (P,0.001) ( Table 2 ). Older women aged .70 years were less likely to initiate therapy than older men aged .70 years (HR, 0.46; 95% CI, 0.40 to 0.54; P,0.001). Among groups defined by age, sex, and residence location, older women (aged $70 years) who lived .200 km from a nephrologist were the least likely to initiate chronic RRT (range, 0.9%-12.3% at 1 year of follow-up) and men aged ,50 years who lived ,50 km Of these, we selected the subset whose last eGFR measurement was ,15 ml/min per 1.73 m 2 . For this subset, the date where eGFR was first ,15 ml/min per 1.73 m 2 was considered as the index date for kidney failure. AKDN, Alberta Kidney Disease Network; SCr, serum creatinine; eGFR, estimated GFR; RRT, renal replacement therapy.
from a nephrologist (range, 8.5%-72.2% at 1 year of followup) were the most likely to initiate chronic RRT, regardless of their comorbidities (Figure 2 and Supplemental Table 1 ). Results over the full duration of follow-up were similar.
Participants who were Aboriginal, on social assistance, and who had diabetes, hypertension, a history of peptic ulcer disease, or prior peripheral vascular disease were more likely to initiate chronic RRT. Results for the proportional subdistribution hazard model were similar (data not shown) and are not presented.
Results were similar when eGFR ,10 ml/min per 1.73 m 2 at end of follow-up was used to define kidney failure. Specifically, the likelihood of initiating RRT was lower among those with older age, female sex, remote residence location, and increasing comorbidity, and higher among people with diabetes or heavy/severe proteinuria ( Table 2 ).
In a second sensitivity analysis, we excluded participants who died within 6 weeks of the first documented instance of eGFR ,10 ml/min per 1.73 m 2 without receiving RRT. In this analysis, all variables (older age, female sex, remote residence, metastatic cancer, chronic lung disease, and dementia) remained significantly associated with not initiating RRT (Table 2) .
Factors Associated with Death
In addition to being associated with a lower likelihood of initiating chronic RRT, older age, metastatic cancer, dementia, and chronic lung disease were associated with significantly increased risk of death (Table 2 ). Male sex, rural residence, nonmetastatic cancer, heart failure, liver disease, cerebrovascular disease, and prior myocardial infarction were associated with increased risk of death.
Discussion
Although development of kidney failure defined by eGFR is an objective outcome, initiation of RRT is at least partially subjective because it requires a specific decision by the patient and his or her physician. In this study of roughly 4 million people treated in a universal health care system, we found substantial variation in the likelihood of RRT initiation. Older age, female sex, remote residence location, and comorbidities such as dementia, metastatic cancer, and chronic lung disease were independently associated with lower likelihood of initiating chronic RRT for kidney failure. There was substantial variability in the likelihood of initiating RRT by these factors; the cumulative incidence of RRT initiation among those with kidney failure was 76.8% for younger, urban-dwelling men without comorbidity, but only 3.2% among remote-dwelling women aged .70 years and with substantial comorbidity such as dementia and metastatic cancer. Results were consistent for two different statistical approaches and robust to sensitivity analysis in which patients with limited life expectancy were excluded.
Because follow-up in this study was relatively short (median of 11 months), some participants were censored (neither died nor experienced kidney failure during the study). Some of these participants may have had stable (or very slowly decreasing) kidney function despite their low baseline eGFR. This would have led to identification of factors that predispose to more rapid renal loss (such as diabetes and heavy/severe proteinuria) as being associated with RRT initiation. In support of this hypothesis, differences in the proportion initiating RRT between people with and without heavy/severe proteinuria were less pronounced after inclusion of follow-up beyond 1 year after first documentation of kidney failure. However, differences in rate of progression are unlikely to explain all of the observed heterogeneity in the proportion who initiated RRT during follow-up.
Why would patients with kidney failure not initiate RRT? Although there are limited data (15) (16) (17) 29) , there are at least four potential reasons: patients may intend to initiate RRT (especially dialysis) but die before treatment begins, they may choose not to receive RRT, they may not be offered RRT by providers, or they may not have a clinical indication for RRT despite very low eGFR. We attempted to reduce the likelihood that unexpected death influenced our results by excluding patients who died soon after first measurement of low eGFR (,10 ml/min per 1.73 m 2 ) and found similar results. This suggests that unexpected death was not a major contributor to our results. Although a decision by nephrologists not to offer RRT to people with poor prognosis was relatively common 2 decades ago (30) , clinical experience suggests that such unilateral decisions are rare in Canada today. However, because we did not have data on the reason that RRT was not initiated, these comments are speculative.
Previous studies of this issue tended to focus exclusively on patients aged .70 years (15, 16, 18) and generally compared survival and prognostic factors between patients receiving dialysis with those who opted for conservative management. Our findings were broadly similar to these previous studies, which identified a lower likelihood of dialysis initiation among female patients (30) and elderly individuals (31) (32) (33) (34) . Given the potential burden of repeated travel to receive dialysis treatment (and because dialysis was much more common than pre-emptive transplantation), it was not surprising that remote-dwelling patients were less likely to initiate RRT than those living closer. In fact, qualitative studies of patients with advanced kidney failure suggest that prolonged travel to a distant facility is an important potential barrier to accepting dialysis treatment (20, 33, 35, 36) . Our previous work shows that the likelihood of untreated kidney failure is substantially higher among older adults than in otherwise similar younger patients (37); this study extends these findings by highlighting how the likelihood of initiating RRT varies with the presence of other clinical characteristics including sex, comorbidity, and residence location.
A recent meta-analysis including .2 million participants showed that the strong association between albuminuria and the risk of ESRD (defined as dialysis initiation, kidney transplantation, or death due to kidney failure) was not significantly modified by age (38) . Like Hallan et al. (38) , we found that people with heavy albuminuria were more likely to initiate RRT. However, we also noted that the presence of albuminuria appeared to modify the relation between age and the likelihood of RRT initiation. Specifically, the decreased likelihood of initiating RRT among older people (versus younger people) was attenuated in the presence of heavy albuminuria.
Our study has limitations that should be considered. First, although we used validated algorithms to assess comorbidity, we relied on linkage of serum creatinine data with administrative databases to identify patients; thus, some patients with kidney failure might have been missed or the burden of comorbidity underestimated (39) . In particular, participants who did not have serum creatinine measured before death would not have been identified as having kidney failure. However, because of the universal nature of health care in Canada, this was unlikely to have been a common occurrence. Second, we were not able to identify the race of participants other than Aboriginal, and thus could not examine how the likelihood of RRT initiation varied by race. Third, although we had eGFR data, we did not have information on symptom burden, quality of life, family supports, or patient preferences-all of which likely also influenced the decision to initiate dialysis, especially in elderly individuals (33,34,40) . Fourth, Data are presented as the hazard ratio (95% confidence interval) unless otherwise specified. RRT renal replacement therapy; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PVD, peripheral vascular disease; eGFR, estimated GFR. a Limited to participants with eGFR ,10 ml/min per 1.73 m 2 at last measurement during follow-up. b Excluded participants with early death (those who died within 6 weeks of first measured eGFR ,10 ml/min per 1.73 m 2 ; n=621). c Results significant at P,0.05. d Confidence limits that round to 1.00 may be .1.00 or ,1.00; therefore, their significance status will vary. These results are significant but are associated with a lower likelihood of initiating chronic RRT. our data were drawn from a single Canadian province, and whether our findings apply to other populations or settings will require further study. Fifth, the definition of untreated kidney failure that we used has some limitations. For example, some patients might have recovered kidney function with additional follow-up (thus misclassified as untreated kidney failure); others might have had eGFR values that were typically ,15 ml/min per 1.73 m 2 but were $15 ml/min per 1.73 m 2 at end of follow-up due to random fluctuations in serum creatinine (thus misclassified as Figure 2 . | Proportion initiating chronic renal replacement therapy at the end of follow-up. The top and bottom panels are for patients without and with heavy/severe proteinuria, respectively. In each panel, the columns from left to right, light gray to black bars, show participants with less to more comorbidity, specifically no metastatic cancer or dementia, metastatic cancer, dementia, and both metastatic cancer and dementia. Plots of male and female participants alternate from the top to the bottom of the plot region. The first two rows are for participants aged ,50 years, the second two rows are for participants aged 50-69.9 years (shaded), and the last two rows are for participants aged $70 years. Lastly, within each graph, the top bars show participants residing #50 km from a nephrologist and the bottom bars show participants residing .200 km from a nephrologist. free of kidney failure). However, results were similar when a more stringent definition of kidney failure was used (eGFR ,10 ml/min per 1.73 m 2 ), suggesting that these limitations are unlikely to have affected our conclusions. Finally, given the nature of our data, we could not exclude the possibility that some patients were not offered RRT by their providers, although we believed that this was unlikely to have occurred frequently during the study period.
Although RRT can be associated with good quality of life among patients with older age or more comorbidity (41) (42) (43) (44) , the choice not to receive RRT is entirely appropriate for competent, well informed patients. Physicians should focus on ensuring that patients with kidney failure are educated about their choices and the likely outcomes of the various treatments, including conservative management. The substantial variability in the likelihood of initiating RRT suggests the need for future studies to better understand the factors that influence this outcome, as well as the need for clinical tools that assist patients to make an appropriate, well informed decision that incorporates their values and preferences. Finally, our results justify continued efforts to improve access to tertiary services (including dialysis and pre-emptive kidney transplantation) for remote-dwellers.
In conclusion, we found substantial variability in the likelihood of initiating RRT for kidney failure in this population-based cohort study. Further work is needed to identify factors that influence this outcome and facilitate shared decision making about the benefits and harms of chronic RRT.
